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Supplementary Figure 1. Sequence alignment of the human ORP5 and ORP8
proteins. Sequences are shown for the human ORP5 and ORP8 splice variants.

Colored boxes represent the individual domains.
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Supplementary Figure 2. Truncation and mutagenesis analyses of ORP5 PM

tetherting by fluorescence microscopy. Various truncated and mutant ORP5A
constructs were tested for their targeting to the PM using confocal microscopy. Bar =

10 um
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Supplementary Figure 3. ORP5 and ORP8 PH domain do not bind PtdIns(4)P.

(A, B) The binding of ORP5 and ORP8 PH domain to PtdIns(4)P was measured by
ITC. No binding signal was observed. Experiments were performed at 25°C using 25
uM protein and 500 uM Ptdins(4)P. Top panels show raw data and bottom panels

show integrated normalised data.



Supplementary Figure 4. Crystal structure of ORP8 PH crystallized in the
presence of inositol hexaphosphate. (A) Ribbon representation of the asymmetric
unit of ORP8 PH domain with four polypeptide chains. There are four identical ORP8
PH domain chains in the asymmetric unit. (B) Electrostatic potential surface
representation of the asymmetric unit of ORP8 PH domain. Electrostatic potential
rendered surface was computed in ccpdmg *, negatively charged surfaces are shown
in red whereas positively charged surfaces are blue in colour, colours are contoured
from -0.5 eV to +0.5eV.



ARNO PH | ARHGAP9 PH
Canonical site Non-canonical site

Supplementary Figure 5. Canonical and non-canonical PtdInsP binding modes
of PH domains. (A) Comparison of the electrostatic surface of ORP8 PH and Osh3p
PH domain highlights a basic patch (putative lipid binding region) that is missing in
Osh3p PH indicating that the ORP8 PH domain adopts a non-canonical lipid-binding
regime. Electrostatic potential rendered surface was computed in ccpdmg *,
negatively charged surfaces are shown in red whereas positively charged surfaces are
blue in colour, colours are contoured from -0.5 eV to +0.5 eV. (B) Osh3p, Cert and
ARNO PH domain bind PtdInsP at the canonical site that is between the f1- 2 and
3- B4 loop. ARHGAP9 PH domain binds PtdInsP at the non-canonical site (between
the B1- B2 and B5- 36 loops). All the structures were superimposed on each other and

are shown in the same orientation.
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Supplementary Figure 6. Effect of PIP5K1b overexpression on ORPSL
localization. (A) Co-expression of PH-PLC-RFP with GFP empty vector (EV) or
GFP-PIP5K1b in HeLa cells. (B) Co-expression of GFP-PAM with FLAG-PIP5K1b
in HeLa cells. (C) Quantitation of PM/Cytoplasm intensity ratio of PH-PLC-RFP in
(A) and GFP-P4M in (B). (D) Co-expression of mCherry-ORP8L or -ORP8L R158Q
with GFP EV or GFP-PIP5K1b (mean + SD; *P < 0.05, 2way ANOVA, n =5~ 9
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cells). Bar = 10 um.
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Supplementary Figure 7. Purification of ORD5 and ORD8 domain. (A, B, C)
Chromatograms and SDS-PAGE gel showing highly pure and monodisperse ORP5
(364-746), ORP8 (400-778) and ORP8 (331-835) purified recombinantly from E.coli.
ORP5 (364-746) and ORP8 (400-778) was resolved on superdex200 16/60 whereas
ORP8 (331-835) was purified on superdex 200 10/300 size exclusion chromatography

column. These proteins were used for biochemical experiments.



Time (min) Time (min) Time (min)
A o w m w w o w » % w R

000 e pn b iy oy ea e ’

[T = YT om0 | ~~~v~‘h\i]"‘ SELEN
§“‘ “‘” §°° | g on |!
- | 1o |l 1. |
i N
™
E B L eeeees 5
1 g Boo e
3 " 3w ]
2
H 2 2
¢ g g
m aw am
W b B G @ o 7o 2 3 & 8 8 7o v r i e 8w
Molar Ratio Molar Ratio Nolar Ratio
Ptdins(3)P Ptdins(4)P Ptdins(5)P
Time (min) Time (min) Time (min) Time (min)
s w » % e o w ™ % . s w » % e s 6 om » o«
a i A SR ENRARNAN 001 e YT o ‘«""*““lhﬁﬁ—f‘ﬂ” 000 v bbb
. HARA i | |
05 I o (1 001 ‘ [ - |
gooi |l §aof || gooi || S, |l
Fos Tas ‘ Ton ‘ T
om ‘ a1
5 . 016 4
| sl
L S ——
EO0m. s eegeetes Fow, L Lessas E - '
-t 040 4 W eseeatea
i i i- i
Sawl 2w H H
2 2 2.n 2
g ¢ g, g
4m — — + + — 4001 o + + + - —
BEEEEREEEE B B % 6 & N S S S TR I TS B T w—
Molar Ratio Molar Ratio Molar Ratio Molar Ratio
Ptdins(3,4)P, Ptdins(3,5)P, Ptdins(4,5)P, Ptdins(3,4,5)P,
ORP5 (364-746)
Time (mn) Time (min) Time (min)
B o ® 0 m » w s w » % e « ® ® ®
0~ S = Q00
1 YT RABARSS [ ‘
[ o |
a0 ‘ | ax.
= | foo | gz |l
8 ol ‘ L ‘ gw [
oo o o
w{ s esses R L
ﬁ g g “» o § 2m
57 3 am / 3
% o § . §w
¢ ¢ S
o 00 10 20 30 40 S0 €0 e 00 10 20 0 40 50 a0 10 20 30 40 h’n 60 70
Molar Ratio Molar Ratio Motar Ratio

Ptdins(3)P Ptdins(4)P Ptdins(5)P

Time (min) Time (min) Time (min) Time (min)

FE 000 aher i e AV A e PSS A
0o ; 7 ﬂ‘»wl‘ ‘V\;“H‘,m' 000 a9y Mot ‘pl“‘.‘ oo e
an | 005 ‘;‘ oo AN o» |
fal ||l Sl £a | ool ||
g g o g g
2% “ o | 2

-
o 0254 216 Y
R e  essass
5 it I ool o eeesnes % 0
B 4w B - B
: : :
§ 400 § ad P é § 50
.

3 3 8 8wy 4

Molar Ratio Molar Ratio Molar Ratio Molar Ratio

Ptdins(3,4)P, Ptdins(3,5)P, Ptdins(4,5)P, Ptdins(3,4,5)P,
ORPS (400-778)

Supplementary Figure 8. ORDS8/5 associates with most of the PtdInsP species.
The binding of purified (A) ORD5 and (B) ORDS8 to water-soluble PtdInsP species
was measured by ITC. These ORD domains binds to all the PtdInsPs including
PtdIns(4)P. Experiments were performed at 25°C using 25 UM protein in the cell and
500 pM PtdInsPs injected from the syringe. Top panels show raw data, and bottom

panels show integrated normalized data.



16 NBD-PH.,, 500
1.4 4 . s x¥%e & o ® 4% Ptdins(3)P
212 400 . ;. e o 006 o & e 4% Ptdins(4,5)P,
£ 1.0 3 a0 S S et o 4% Puns@p
T 08 - & H s ® e 4% Ptdins(3.4,5)P,
P 8 200 s* ® 4% Ptdins
'§n4 i w = ® 5% PtdSer
02 10A% & ans & &8 & = DOPC only
0.0 T T T T T T 0 T . r r r T ,
300 350 400 450 500 550 0 50 100 150 200 250 300
wavelength (nm) lipids (uM)
C I ORP8
100 [ Oshép
8T w
- 0
892 e
58
og ®
5% =
0
2 12 142 Q i)
R S S
& & §F 5§ T &
& F & &g ¢
S @ & & RS S
S S ¥ 8 &
& RS
& 8
— LBfS% PtdSer —_— LB+5% PtdSer 41 — LE+5% PtdSer
41 — L, wo Praser *] — Ly woPldser S — L wio PtdSer

s 3. OSth — NoProtein 4 ] OShGp — No Protein = 3 OShGp — No Protein

= Q"

Q- __ 7 ) £ vl mtv vty

o <

7] ) -~ )

% 1 1 Brain Ptdins(4)P £ 14 Brain Ptdins(4,5)P-

& 16:0/16:0 PtdIns(4)P e B

E I, 0 e E B,
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Time (sec) Time (sec)
Time (sec)

4 = a - [ L, wo PtdSer
s ORDS8 ORDS8 (H514A,H515A) 5 B L, +5% PidSer
33 1 g 20

i 15
%2 1 —————— — e | ————————————~- — L, wio PtdSer ‘E 0
£ — Ly*s% Prdser T
B ’ £ S
a o 16:0/16:0 PtdIns(4)P w — No Protein §
1 e = 0
T : r T T ' T T T T r 1 = .EGQ S g
0 200 400 600 800 1000 O 200 400 600 800 1000 & & & g;
Time (sec) Time (sec) & i
\a
K
)
Ry

Supplementary Figure 9. Validation of PtdInsP sensor and the ability of Osh6p
and ORP8 to transport PtdInsPs. (A) Emission spectra of NBD-PHgapp. (B) NBD-
PHeapp selectively recognizes all the PtdInsPs except PtdIns demonstrating that NBD-
PHrapp IS a sensor for other PtdInsPs including Ptdins(4)P. Ptdins(4)P and



Ptdins(4,5)P, are from brain, the rest are 18:1/18:1. (C) Bar graph showing the
percentage of PtdinsP with varying acyl chain as well as brain PtdInsPs extracted
from liposomes by Osh6p, ORDS. Error bars indicate s.d.; n =3 (D, E) Transport of
C16:0/C16:0 PtdIns(4)P, brain PtdIns(4)P, and brain PtdIns(4,5)P, by Osh6p to
liposomes containing 5% PtdSer. (F). Ptdins(4)P (C16:0/C16:0) transport assay by
ORDS8 and its H514A/H515A mutant. Donor liposomes were incubated with NBD-
PHeapp followed by addition of acceptor liposomes doped with or without PtdSer.
After 3 min, the protein was injected. The broken line signifies NBD-PHgapp signal
upon complete PtdIns(4)P equilibration between liposomes. The plot (right) shows
initial PtdIns(4)P transport rates. Addition of 5% PtdSer only slightly increased the

transfer rates.
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Supplementary Figure 10. Validation of Lactadherin-C2 domain as PtdSer
sensor and Oshé6p’s ability to transport PtdSer in a PtdInsP gradient. (A)
Emission spectra of NBD-C2 act. (B) NBD-C2, 4 Selectively binds to liposomes
containing PtdSer. (C) Osh6p transports PtdSer under a brain PtdIns(4,5)P, as well as
a PtdIns(4)P (C16:0/C16:0) gradient. The PtdSer transfer was barely detectable under
a brain PtdIns(4)P gradient. In (C), brain PtdIns(4)P, PtdIns(4)P (C16:0/C16:0), brain
PtdIns(4,5)P, and PtdSer were used in liposome B as indicated in Figure 6A.
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Supplementary Figure 11. ORP5 physically interacts with ORP8. (A)
Unprocessed scan of western blot shown in figure 5G. (B, C) Immunoprecipitation
showing ORP5A can associate with mCherry tagged ORP8L. Loss of the
transmembrane domain (ORP8LAC) significantly reduces the interaction indicating

the two proteins associate at the ER membrane.



Supplementary Figure 12. Stereo image showing well defined F,-F. electron
density map contoured at 3c. (A) ORP8 PH domain crystallised in P6522 space
group. (B) ORP8 PH domain crystallised in P1211 space group.
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